This paper presents a new topology for cascaded H-bridge multilevel inverter utilizing multicarrier modulation technique. The new five-level topology utilizes a capacitive divider network consisting of two capacitors for producing output voltage levels. The developed circuit has reduced number of switches and dc sources compared to conventional five level inverters. Five main power switches, a single additional diode apart from antiparallel diodes, two capacitors and a dc supply constitute a single five level unit. Simulations as well as experimental results are verified for the new topology utilising multicarrier modulation technique with reduced harmonic distortions in the output.
INTRODUCTION
Multilevel inverters are gaining attention in power system engineering especially in the field of renewable energy systems. By operating at different voltage levels, these converters effectively decreases the voltage stress to the operating switches. They can be classified into three main categories: diode clamped, flying capacitor type and cascaded H-Bridge type [1] . Different modulation strategies comprising of sinusoidal pulse width modulation, selective harmonic elimination and space vector modulation have been developed based on these conventional multilevel inverters. The diode clamped topology consists of a number of uncontrolled switches. Even though the topology is being used in statcom based applications, the flying capacitor type is considered much more flexible. But these converters require a large number of capacitors to clamp different voltage levels. As a rectification to these problems, cascaded multilevel inverters were developed [2] [3] [4] [5] [6] [7] . Gerardo Ceglia et al proposes a five level inverter topology utilizing auxiliary switches and dc link capacitors [8] . Even though the topology suggests the distribution of capacitor voltages which are being charged in a self balancing form, it requires additional diodes for its working. Also the increase in number of diodes are also essential for increasing voltage levels. This paper presents a new five-level multilevel inverter topology utilizing a single additional diode apart from antiparallel diodes. Reduction in the number of main power switches [9] [10] [11] [12] has been the main advantage of this topology compared to conventional multilevel inverters. Power circuit operation of the developed topology and modulation scheme for the same using multicarrier modulation technique has also been conducted. The Total Harmonic Distortion (THD) of the new converter by conducting experimental and simulation studies is carried out using Spartan 3AN XC3S1400AN-4FG676C FPGA kit and PSIM software respectively. Figure 1 . With a specific switching pattern, the developed inverter can produce five levels of distinct voltage levels (VS, VS/2, 0, -VS/2 and -VS). A conventional five level inverter requires eight main power switches for producing five level output voltage. This topology requires only five main controllable switches and a single additional diode for its proper working. This saving in the number of main power switches will result in a considerable reduction in the switching losses of the circuit.
Figure 1 New five level inverter

Power stage operation
The switching states of the new five level inverter are given in Table 1 . "1" and "0" indicates the ON and OFF states of the switches respectively. Figure 2 . The control pulses and the specific switching pattern for the new inverter are as shown in Figure 3 . The switching pulses for the new inverter are finally obtained with the help of logical gates using Boolean equations given in (1).
Modulation index for a multilevel inverter can be defined as
Where k is the number of voltage levels per half cycle. Ac is the peak to peak value of carrier wave, Am is the peak value of modulating signal. Hence by applying equation (2), modulation index (Ma) for proposed inverter can be defined as.
Ma= Am/2Ac (3)
The operation of the inverter has been separated to four modes. By increasing the number of pulses per half cycle, harmonic amplitudes of output voltage can be limited to higher order harmonics alone. Higher order harmonics can then be easily filtered out [14] . Harmonic distortion of the proposed inverter is significant for modulation index less than unity. Total harmonic distortion (THD) of output voltage reduces with higher values of modulation index [15] [16] [17] .
Different multicarrier techniques have been developed in multilevel inverters utilising triangular carriers. Multicarrier modulation technique has been conducted at high switching frequencies. Multicarrier modulation involves either phase shifting of multiple carrier signals or disposition of carrier signals. This work emphasizes on carrier disposition method for comparison with modulating signal. 
EXPERIMENTAL
New multilevel topology has been experimentally verified using the block diagram in Figure 4 . Control signals are generated in real time through Spartan 3E FPGA kit incorporating Xilinx System Generator and ISE Design Suite. 
Generation of modulating and carrier signals in XSG
Digitalised modulating and carrier signals are generated in MATLAB through Xilinx System Generator [18] [19] [20] . Again VHDL code is developed using Integrated Software Environment (ISE) simulator which is then integrated into Spartan 3AN XC3S1400AN-4FG676C FPGA kit.
Generation of carrier signals
Frequency of the carrier wave selected is 2Khz. Carrier wave generation can be explained with the help of block diagram in Figure 5 . Up-Counter in XSG is used to generate a ramp signal varying from 0 to 8192. Bit slicer extractor slices off a particular sequence of bits from the input. It then creates a new data value, 2 12 =4096. Finally reinterpret block is used to change signal type from signed to unsigned. 
Generation of modulating signal
Modulating signal is generated at a frequency of 50 Hz as shown in block diagram in Figure 6 . To increment the count value from 0 to 999, number of bits required for the Xilinx up-counter is 2 
Experimental prototype
Establishment of power circuit for the new inverter is done by using four IRF 540N MOSFET's in H-Bridge and a single IRF540N across the diode. The load chosen is resistive load of 50Ω and an inductive load of 1mH. Output voltage and current for the new five level topology for a modulation index of unity is shown in Figure 7 . FFT spectrum for a modulation index of unity is also observed using harmonic analyzer as shown in Figure 8 . Experimental set up for the new topology is shown in Figure 9 .
Results and discussion
Results from simulation as well as experimental prototype agrees with proper working of new five level inverter. Five distinct levels of voltages have been obtained in both cases. FFT spectrums for different modulation indexes have been visualized in PSIM software. It is seen that a clean spectrum has been obtained for higher values of modulation indexes by introducing output filters. FFT spectrum for modulation index of unity has been verified experimentally and similar results have been obtained. 
